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1. INTRODUCTION 


1.1. General 


The BWS-2010 Intelligent Video Display Card provides @¢ complete video 
display subsvstem for the STD BUS, which can function as anything from 
a high performance CRT terminal to a separate co-processing display 
subsystem. The card is organised around an on-board Z&60 microprocessor 
and a 6845 CRT controller chip, and is designed to allow full speed 
Z80 program execution with a minimum cf wait states. In particular, 
the card allows continuous access to the video memory from the on- 
board Z80 with NO flicker or Spurious images, and supports extremely 
fast rates of data transfer to and from the host computer (in excess 
of 30 kbyte/sec in burst mode). 


The card is installed inside the host computer system card cage, 
and requires an external video monitor and a parallel ASCII keyboard 
to make a complete display subsystem. 


1.2. Summary of Features 
The video display is generated using a 6845 CRT controller. Hence 
the standard display size of 80 x 24 characters may be re-arranged 
as desired by the user. 


The standard character set comprises all 96 printable ASCII 
characters, together with 32 semi-graphical characters for special 
effects (such as table borders). Characters are based on a 7x9 
Matrix in a 8x12 region. With a larger character generator (16 kbyte 
EPROM/RAM), a further 896 semi-graphical characters can be defined. 


Reduced matrix characters (6x7 in a 7x9 region) are installed when 
the card is configured for 200 line VBDU monitors (IBM Pc 
compatible). | 


All display characters have independant attributes to specify one 
of eight brightness levels, flashing, inverse and underline. 


For the BWS5-2011 coleur card, the display attributes are used ts 
select 1 of 6 foreground colours, 1 of 4 background colours and 
flashing, on a per character basis. Colours may be defined from a 
palette of 16 colours when using TTL colour VOU's or from 4096 
colours when analogue colour VDU's. 


Using a RAM based character generator, graphic displays with a 
resolution of 640 x 300 pixels may be created by the host camputer, 
built up from software generated semi-graphic characters. Full 

bit mapped graphics can be generated at a resolution of 


S12 x 256 pixels. 


BWS-2010/BWS-2011 Intelligent Video Card 


An on-board Z80A interfaces between the display generator and the 
host computer. The Z80A may be programmed to emulate most CRT 
terminals. Software for an enhanced Lear Seigler ADM-31 is stored 
in EPROM. However the card 18 arranged so that Z80A software may be 
down-loaded from the host computer and stored in RAM. Thus the user 
may create individualised CRT terminals. 


The videc display memory is fully dual ported between the CRTC 
display generator and the on-board Z80 processor, toa allow 
display update to occur at any time without flicker. This 
allows rapid screen update and manipulation with absolutely no 
flicker. 


ByteWyde Systems BWS-1000 Z80 monitor program can be included 
into the on-board 280 software to debug down-line loaded programs. 
Individual terminal emulations or video co-processing procedures 
thus can be easily developed. 


ByteWyde Systems BWS-1150 Enhanced Command Basic 
included into the on-board Z80 software to create a simple co- 
processing environment. Videc displays can be programmed on- 
card entirely in Basic, with the STD BUS being treated as a 
high speed remote data port for receiving and sending 
information. 


A 64 byte keyboard type-ahead buffer, and a 256 byte host computer 
communication buffer is included in the EPROM software. 


All RAM and EPROM sockets are designed to accept both 24 and 28 pin 
JEDEC standard memory chips, to allow Z80A software, number of 
character sets and video memory size to be increased if desired. 


256 bits of EEPROM are available to permanently store terminal 
setup characteristics. 


The BWS5-2010 Intelligent Video Display Card interfaces ti the host 
computer as if it were a conventional serial interface. However as 
the interface is in fact parallel. burst data transfer rates of 
better than 30 kbytes/second may be achieved until the card's 
communication buffer is filled. 


1.3. Colour Card (BWS-2011) 


The BWS-2011 Intelligent Colour Video Card i8 an Enhanced varsicn of 
the standard BWS-2010 Intelligent Video Card which réepiaces the blac 
and white attributes of grey levels, underline and reverse. with both 
foreground and back ground colour selection for each character 
displayed. Characters may be selected to be displayed in one of Gignt 
foreground colours, with one of a separately definable four zackground 
colours. A S@parate cursor colour may be defined for zach cactkeround 


colour . 
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Each foreground, background and cursor colour may be selected from a 
palette of 4096 colours. Up to eight foreground colours, four 
background colours and four cursor colours may be active at the same 
time. Colours may only be reprogrammed during the vertical retrace 
period of the display. | 


AS with the monochrome card, calour bit mapped graphics may be 
achieved to a resolution of 640 x 300 pixels using character cells of 
8 xX 12 with software generated semi-graphics characters. Full bit 
mapped graphics may be generated to a resolution of 512 x 256 pixels 
(Character cells of 8 x 16) by using 62256 RAM for the character 
generator. The only limitation is’that the colour must be defined on 4 
per character cell basis, not on a pixel basis. 


1.4. Hardware Overview 

The card has 16 kbytes of EPROM and up to 16 kbytes of RAM available 
for internal use by the Z80 processor. Another 32 kbytes of RAM are 
dual ported with the 6845 controller ona cycle interleave basis (for 
maximum speed of video update) to provide up to 8 kbytes of video 
character RAM, 8 kbytes of video attributes RAM and up to 16 kbytes of 
programmable character generator RAM (8 sets of 128 characters). 
Character attributes include & levels of brightness, flashing, inverse 
and underline for the monochrome card (BWS-2010): and 8 foreground 
colours, 4 background colours and flashing for the colour card (BWS- 
2011). Character set selection is done on an individual character 
basis using 2 video attribute bits. The card operates from a single SV 
supply, and draws 1.3 A dc, approx. 


A further 256 bytes of non-volatile EEPROM storage can be supplied 
With the card to save special setup parameters or other details. 


The display structure is 80 x 24 characters, with a 25th status line 
available if nécéssary. Displayed characters are designed around an & 
x 12 matrix pattern, using the programmable character generator RAM. 
Semi graphic displays can be easily developed by creating new 
character sets on a host computer and downline loading them into the 
video card. Revised display structures can be achieved by 
reprogramming the 6384S controller and possibly changing the card 
crystal. Large display characters can be drawn by uSing sSemigraphic 
character sections, with appropriate onboard 280 software. 
Alternatively, for display structures of less than 64 x 16 characters. 
a full bitmapped display can be implemented (512 x 256 pixels: tv 
dedicating one of the possible 1024 semigraphic characters to each 
screen character position. Software for this application is available 
aS an option. 

The monochrome card provides a composite video output (TTL and 7S on 
with separateétsync Signals if required. The color card provides 4 TTL 
color drive outputs (RGB and intensity) with separate sync Signals. 
All sync Signals may be +veé or -ve logic. Optionally, analogue coisor 
drive outputs may be provided (1V to 2V, black to full intensity;. 
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A tull & bit parallel keyboard interface is provided, with a separate 
BELL signal line. This interface directly suits APPLE compatible 
parallel keyboards. Also, an external synchronising INPUT is provided 
to allow the display to be locked to an external SC Hz reference 
Signal to avoid display ripple, or to an external vertical sync 
Signal to lock to external video. 


The card appears on the STD BUS interface as 4 I/O ports. Two of these 
ports are uséd as data and control ports, Similiar to a conventional 
UART. A third port is used to store an interrupt vector. The BWS5-2010 
and BWS-2011 cards fully support interrupts on data flowing to and from 
the card. Interrupts may be vectored or unvectored, and the card 
supports the STD BUS interrupt priority structure through PCI and PCO. 
Particular care has been taken to ensure that multiple BWS-2010 cards 
can operate using pricritised 28C mode 2 vectored interrupts on one 
motherboard, to allow multiple display to be supported in one system. 


The card may be uséd in a wide variety of applications. The standard 
software supplied with the card emulates an ADM3A Lier-Seglier 
terminal, with enhancements. Other terminal emulations are available, 
and may be downline loaded into the card online if required. Support 
software is also available for users to develop their own terminal 
emulations or other software. 


The card can also function as a co-processing display subsystem, 
executing a program separately from the main STD BUS host processor to 
fenerate displays in real-time. ByteWyde Systems BWS-1000 Z80 monitor 
program and BWS5-1100 Command Basic can be supplied to execute in the 
card, to assist with the development of such co-processing software 
programs. 


ee EE Se eres me meee ee eee me ee ee eee eee ee ee 


Software supplied with the video card emulates an ADM3A Lier-Seglier 
terminal, with enhancements. The software supports a 256 byte bi- 
directional typeahead buffer to the STD BUS, and a 64 byte typeahead 
buffer from the keyboard. Larger buffers can be supplied on request. 
Typeahead buffers or interrupt driven terminal handlers on the host 
computer are NOT required with this system. The terminal Emulation 
software requires approx 4 kbyte of Z80 EPROM and 1 kbyte of Z80 RAM. 
The remaining Z8Q memory Space is available for user programs. 


Enhancements to the terminal emulation include additional esc 
sequences to invoke the extra video attributes of the card, th 
selection of alternate character sets and the loading of INTEL HEX 
files through the bus interface. (This allows alternative character 
sets or user emulation/application programs to be loaded ints the card 
from a host computer). The terminal emulation software is highly 
modular, with well defined jump table entries inte all usefui 
subroutines. User written programs can therefore avoid the effort of 
screen management and effectively ocutput to a very fast terminal. 
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For program development on card, a BWS5-1006 high performance monitor 
program can be supplied in EPROM. This monitor allows a user to 

read and write to oncard memory or ports, fill memory, load program or 
displays from the STD BUS, or to execute user programs with software 
breakpoints. User programs can also be down-line loaded into the card 
With this monitor. 

For co-processing applications, ByteWyde Svstems Enhanced Command 
Basic (multitasking) can be supplied in EPROM oncard. This software 
allows display generation routines to be written and executed in 
interpretative BASIC with minimal overhead to the host processor on 
the STD BUS. In effect, the bus becomes a data transfer route between 
the host processor and the slave processor on the video card. The 
implementation of Command Basic on the video card is fully compatible 
With other versions of this product, allowing Basic programs to be 
developed and stored elsewhere and down-line loaded to the card when 
required. 


Two support packages are also available for either CP/M or MS-DOS 
computer systems. A font editor can be supplied to assist with the 
creation om custom character sets, and a loader program is available 
to facilitate the transfer of programs, displays or character sets 
from a host processor to a video card. 


In summary, the BWS-2010 Intelligént Video Display Card provides a 
powerful and flexible CRT terminal capability at a greatly reduced 
cost. All the major facilities may be re-arranged under user control, 
allowing the card to be used in a wide variety of applications. 
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2. TECHNICAL SPECIFICATIO 


re Cll GRE CE Ae ey ae SEN te oe ee GN om fee owe Ce ee eee a em, 


Video Outputs: 75 ohm Composite Video 
(BWS-2010 Easily adaptable to TTL video (no sync) 
monochrome }) Horizontal and Vertical sync (+ve and -ve logic) 


Composite Sync (-ve logic) 


Video Outputs: TTL RGB and intensity signals 
(BWS-2011 Optional 1V-ZV RGB analogue video 
colour) Horizontal and Vertical sync (+ve and -ve logic) 


Display Generator: Motorola 6645 CRT Controller 


Video Memory: 2 kbyte RAM (6116 or equivalent) 
Expandable up to 8 kbyte (4 display pages) 


Attributes Memory: 2 kbyte RAM (6116 or equivalent) 
Expandable up to 8 kbyte 


Attributes per character comprise character set 
selection, 1 of 8 grey levels, blink, reverse and 
underline. 


Colour attributes comprise 1 of 8 foreground 
colours, 1 of 4 background colours, 1 of 4 cursor 
colours, blink. 


Programmable 

Character Generator: 2 kbyte RAM (6116 or equivalent) 
Expandable up to 16 kbyte of EPROM/RAM (62256/27128 
or equivalent) - 1024 characters 


All video memory is fully dual ported between the CRTC and the 
on-board Z80 uSing interleaved cycle sharing, with wait state 
synchronisation for the Z680 processor. 


allel ASCII, with strobe (+ve or -ve 


Keyboard Interface: & bits par el 
a )}. Separate BELL and RESET output. 


Synehronise Input: TTL level synchronising input to allow 6645 ts 
synchronise to external video or 50 Hz signa: 
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2.2. On-Board Processor Section 


ome ome ee eee ee oe —— — —— 


Processar: 


Processor Memory: 


—— ee ee 


3.338 MHz Z80A microprocessor. No wait states except 
when accessing video memory. 


or equivalent) 


8 kbyte of EPROM memory 4 
27128 or equivalent) 


Expandable up to 16 kbyt 


m apes 


2 k byte of RAM memory (6116 or equivalent) 
Expandable up to 16 kbyte (62256 or equivalent) 


256 bits of EEPROM memory (NMC9306) 


Hardware r 


eset from STG BUS 
NMI reset fro 


rom pushbutton on card 


2.3. STD BUS Interface 


we ae emo — a ee eee ee eee ee 


STD BUS I/O 
Address Space: 


Interrupts: 


On-board Z&0 


STD BUS Interface: 


ee re ee ee ee re eee ee 


Standard Emulation: 


Support Saftware 
Availatle: 


—e eee ae ee 


4 ports decaded, link selectable to anywhere in 
STD BUS I/O space (even address boundary). IOEXP 
is decoded. Default address is at BO hex. 


BWS-2010 card appears as ordinary UART to host 
processor on the STD BUS. 


Z80 Mode 1 or 2 vector interrupts supported on the 
STD BUS. Interrupts on byte receipt or 
transmission to the STD BUS may be separately mask 
enabled by host software. 


Z30A PIO, aperating in mode 2 interrupt ta 
on-board 280 processor. 


Modified ADM31 Lier Seglier Termina 
Sther standard emulations available on request 


BWS-1000 Z80 Monitor 

BWS-1100 Command Basic 

CP/M Fant Editor Utility Program 

CP/M Down-line Loader Utility Program 


fod 
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Physical Dimensions: 


Power Requirements: 


Bus Compatiblity: 


Environmental: 


Warranty: 


.S inches x 7.3 inches (BW5-2010 mono version) 


.© inches x 7.8 inches (BWS-2011 colour version) 
‘tard 18 notched at €.5 inches to fit card ejector. 


Oh & 


& volts, 1.4 A apprex 


Fully compatible with all STD BUS 
Specifications, including component height. 


QO - 50 °C free air temperature 
5% - 95% non condensing humidity 


3 months. All units are tested for 24 hours at 


ambient temperature and 2 hours at 45 °C ta 
Minimise infant mortality. 
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3. OPERATION 


3.1. Installation and Setup 


ee ee ee oe ee ee oe 


3.1.1. General 


The BWS-2010 Intelligent Video Card is supplied complete and ready for 
operation. The card only requires connection of a VDU monitor and 
keyboard. 


The standard memory configuration for the card is 8 kbytes of Z80 
EPROM, 2 kbytes of Z30 RAM, 2 kbytes of Video and Attributes RAM and = 
kbytes of PCG RAM. Links on the card can be used to select alternative 
memory configurations. Refer to section 3.3 for details. 

Other memory configurations can be supplied on request at time of 
order on a cast plus basis. 


Standard software comprises a extended ADM31 terminal emulation. 
Other terminal emulations can be supplied on request at no extra 
charge. The card can also be supplied with an on-board monitor 
(BWS-1008 Z80 monitor) for debugging user programs, or with on- 
board Enhanced Command Basic (BWS-1158) for developing co- 
processing display systems. These software additions are 
available as field installable options after purchase of the 
card. 


3.1.2. Video Output 


The BWS-2010 monochrome card provides a variety of video autput 
options. The standard output is composite video, comprising -ve logic 
horizontal and vertical syne pulses anded together with the video 
Signal. This output conforms to R5-170 standard, with the video level 
varying from 1V te ZV and sync pulses being at OV (from 1V threshold). 
Separate sync pulses are also available at the card edge video 
connector as positive logic signals. For monitors which require TTL 
video with -ve logic sync pulses, additional components can be added 
to the video card to invert the normally positive logic sync puises. 
Refer to section 3.3 for details. 


The BWS-2011 colour card provides a Similar variety of output options. 
The standard output is separate TTL colour drive signals (RGB and 


pulses. The sync puises can be inverted to -ve logic using links on 
the card. Analogue colour cutput (RGB) in the range 1V to 2V can be 
provided by adding additional components to the card. Composite sync 
can be mixed with any analogue colour cutput if required. Refer to 
section 3.3 fer details. 


The monochrome video sutput levels have been preset on the card before 
delivery. However. some adjustment may be required to suit individual 
CRT monitors. This can be done as follaws: 


< 
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The sync threshold level for composite video can be adjusted using 
RV2. It an oscilloscope is available, the threshold should be set to 
1V, and adjusted from there until the monitor locks solidly. Otherwise 
Simply adjust RV2Z until sync is achieved. 


RV1 adjusts the video brightness. It has most effect on the lowest 
video brightness level. Trim RV1i to obtain a balanced range of 
brightness levels for your particular CRT monitor. 


NOTE: With some CRT monitors, the brightness level variations achieved 
using the video card may need adjustment. This can be dane by 
varying resistors R1, R2, R3 on the card. These resistors act 
as a -ve logic OR gate, to achieve 8 brightness levels. 

Consult the circuit diagram for more detail. 


There are no trim adjustments available for the BWS-26011 colour card. 


Non standard video output combinations can be configured before 
delivery if requested at time of order at no extra charge. 


Video Connector (J2) pinouts are shown in Figure 3-1. Refer to 
Appendix ¢ for the location of the video connector and the components 
discussed above. | 


of 1 Blue Video (TTL) 
oj 1 Horizontal Syne (+ve logic) 9} 2 Green Video (TTL) 
o| 2 Vertical Sync (+ve logic) a{| 3 Red Video (TTL) 
@/ 3 Composite Sync (-ve logic) o| 4 Intensity (TTL) 
o}/ 4 Video Output (composite) @| 5S Horizontal Sync (+ve logic) 
9} S Ground of G@ Vertical Syne (+ve logic) 
o{ 7 Ground 
BWS-2010 BWS5-2011 


one ee eee ee eee ee ee oe ee ee ee ee eee oe oe oe 


Fig. 3-1: Video Connector Outputs (J2) 


3.1.3. Keyboard Interface 


The standard keyboard arrangement on the card provides a standard 8 
bit parallel ASCII interface, requiring a +ve edge strobe pulse from 
the keyboard for the internal latch on the card. A -ve edge strobe 
pulse can be accepted by reversing 4 link on the card. Refer toa 
section 3.3 for details. 


The keyboard interface also provides a SV power takeoff, and a 
separate Power On Reset and Bell output signal. The Bell signal is 
directly controlled by the an-board microprocessor through its PI9, 
and may be used for any purpose. 

& 


pincuts are shown in Figure 3-2. Refer to 


keyboard connector. 


Keyboard Connector (J1) 
ocatic 
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Bell 2 SV 

Strobe 

Reset 
D1 D7 
DO DS 
D3 D4 
D2 D6 
16 Gnd 


Fig. 3-2: Keyboard Connector Pinouts (J1) 


3.1.4. STD BUS Interface 


The BWS-2010 Intelligent Video Card occupies 4 out of the available 
512 I/0 address locations available on an 8 bit STD BUS system (8 
address bits plus IOEXP). Extended I/0 addressing to 16 address bits 
is NOT supported by the BWS-2010. The 4 video card ports must be 
located on an even 4 port boundary in the STD BUS I/O address space. 
The default base 1/0 address for the BWS-2010 card is BO hex, and this 
base address must be used when the card is used as the display console 
for any of ByteWyde Systems software products. Other card base 
addresses may be implemented by changing links oncard. Refer toa 
section 3.3 for details. 


The port address usage for the card and bit allocation for the 
Control/Status port are illustrated in Figure 3-3. 


BASE + @G @ bit Data Port R/W 
BASE + 1 Control/Status Part R/W 
BASE + 2 Interrupt Vector Port R/W 


CONTROL/STATUS PORT BITS 


Bit 0 Rx Ready Set when the card has an 8 bit data word te 
R/O send to the STD BUS (usually a character from 
the keyboard). 


Bit 1 Tx Ready Set when the card is ready to accept an 8 bit 
R/Q data word from the STD BUS (usually an ASCII 
character;. 
Bit 2 Rx Int Enab Enables an INTIka interrupt to occur when 
R/W Rx Ready (Bit 2} is set. 
Bit 3 Tx Int Enab Enables an INTRQ interrupt to occur when 
R/W Tx Ready (bit 1} is set. 
E 
Bit 5 Card Busy Set when the card 15 busy processing data and 
R/O cannot accept data from the STD BUS 
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NOTE: For normal terminal operation, hast computer software should 
ensure that Bit 1 of the Control/Status port is "1" and that 
Bit 5 is "0", before sending a data byte to the video card. 


However, in detail, Bit 1 indicates that a data byte has 
been accepted by the interrupt service routine in the on- 
board Z80 processor, while Bit S indicates that the on- 
board processor cannot at present process a data byte which 
may have been accepted by the interrupt service routine. 
This arrangement is adoptéd so that the on-board processor 
may be interrupted from lengthy processing at the interrupt 
level, and gracefully reset by an appropriate control 
command. Refer to section &.2 for further details. 


3.1.5. External Sync 


The BWS-2010 video card can be exactly synchronised to 50 Hz or to 
external video by connecting a 50 Hz or vertical sync pulse to 
connector J3. 50 Hz external sync minimises display ripple due to 
external fields, while an external vertical sync pulse allows video 
output from the card to be mixed with other video signals. The 
external sync pulse must be -ve logic and have a minimum duration of 1 


microsecond. 

Note that this option for the video card should be specified at the 
time of purchase, Since a software variation is required to correctly 
set up the 6845 CRTC chip for external synchronising. 


syne Connector (J3) pinouts are shown in Figure 3-4. 


1 Sync Input 
2 Ground 


Fig. 3-4: Syne Connector (J3) Pinouts 
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3.2. Software 

The BWS-2010 Intelligent Video Card is normally supplied with a 
enhanced ADM31 terminal emulation, or with a purchaser requested 
alternative terminal emulation. However, for applications where the 
card is to be programmed with user generated software, two software 
alternatives are available. 


The card can be supplied with BWS-1008 Z80 monitor program on the 
card. This allows user developed software to be easily loaded into the 
video card, and provides excellent debugging support. 


Alternatively, the card can be supplied with BWS-1158 Enhanced Command 
Basic on the card. This provides an easy on-card display processing 
capability, uSing the STD BUS as a high speed data transfer port. 
Command Basic is particularly useful to rapidly develop special screen 
formats, especially where semi-graphic character manipulation is 
involved. 


Manuals for BWS-1008 and BWS-1158 are not normally supplied with the 
video card product and must be separately ordered when required. 


3.2.1. ADM31 Terminal Emulation 


The standard BWS-2010 fommrnas emulation is a modified ADM31, with 
enhancements to take account,the extra capability of the BWS-2010 
video card. All 96 printing ASCII characters are available as 
displayable characters, with a further 32 semi-graphic characters 
available through escape sequence selection. 


Control characters and escape sequences for the enhanced ADM31A 
emulation are listed in Figures 3-5, 3.6 and 3.7. 


control * Cursor home 

control &G Ring keyboard bell 

control H Cursor left one character 
COntrGl = Cursor down one line 
control © Cursor up one line 

control L Cursor right one character 
control M Cursor toa start of line 
control 2 Clear screen \ 


Fig. 3-5: ADM31 Emulation: Control Characters 
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video 
video 
video 
video 
video 
video 
video 
video 


Select 


Dim video on 
Normal video 
Bright video 
Underline off 
Uncerline on 
Inverse video 
Inverse video 


brightness 
brightness 
brightness 
brightness 
brightness 
brightness 
brightness 
brightness 


brightness 
on 


off 
on 


Flashing video on 
Flashing video off 


Home 
Up 
Down 
Right 
Left 


Cursor 
Cursor 
Cursor 
Cursor 
Cursor 
Direct 


Fig. 
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ESC T Erase to end of line 

ESC * Clear to end of screen 
ESC v Clear Screen 

ESC E Insert line 

ESC R Delete line 

ESC m Cursor OFF 

ESC # Display ON 

ESC $ Display OFF 

ESC x Cursor ON 

ESC 0 Select character set 0 
ESC 1 Select character set 1 
ESC 2 Select character set 2 
ESC 3 Select character set 3 

eEonnonn Jump to Address nnnn 

ESC h Hex load 
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Escape Sequences (BWS-2010) 


Erase to end of line 
Clear to end of Scréen 
Clear Screen 

Insert line 

Delete line 


Cursor OFF 


ZB onnnn 
SCR 


Display ON 
Display OFF 
Cursor ON 


Select character set 0 
Select character set 1 
Se€lect character set Z 
Select character set 3 


Jump to Address nnnn 
Hex load 
Hex load to Color RAM 


Escape Sequences (BWS-2011) 
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322,22... “VISZ Emulation 


Not complete at time of printing 
3.2.3. VT100 Emulation 


Not complete at time of printing 


32.2.4. On-Board Monitor (BWS-1008) 


The BW5-1008 monitor is a special version of ByteWyde Systems Z30 
monitor program, configured specifically for the BWS-2010 video card. 
Most standard monitor functions are available, including access to 
memory and CPU register variables, direct I/O manipulation, software 
breakpoints, NMI interruption of infinite loops, etc. The monitor 
treats the STD BUS as its remote port, and hence user software may be 
down-line loaded from the STD BUS into the video card with the normal 
moniter "L" function. Also, there is a special “Absolute Terminal” 
function which allows the video card to function as a normal terminal, 
and a "Send to Video" function which acts like a normal terminal in 
LOCAL mode. 


For the BWS-2011 Colour video card, the BWS-1008 monitor program waits 
for the vertical retrace whenever the colour selection RAM is accessed 
by monitor command. The user can therefore directly set up colour 
combinations by simple monitor "port cut" commands. (The subroutine 
used to achieve this waited store is available to user programs 
through the video jump table, see section 5.2) 


The BWS-1008 monitor jump table is installed at address 080h (the same 
as the standard BWS-1000 monitor program) and monitor subroutines can 
be called from uSer programs as required through this jump table. 
Refer to the BWS-1000 280 Monitor manual for details. 


The BWS-1008 monitor uses the ange terminal emulation supplied 
With the card to access the screen end reyboard. and subroutines to 
access the terminal emulation aré available through a jump table 

starting at location 0100h. Refer to Sections 4.3 and 5.2 for details. 


{ 


Using the BWS-1008 Z80 monitor program, revised terminal emulations or 
user written display programs may be ily loaded from the host STD 
BUS processor and debugged as requir 
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3.2.5. On-Board Command Basic (BWS-11598) 


BW5-1158 Enhanced Command Basic on the video card provides a complete 
alternative method of creating video displays. The Command Basic 
implementation allows a Basic program to periodically refresh 
background displays, receive and process information from the STD BUS, 
regularly update foreground displays and develop specific display 
formats quickly and easily. Command Basic provides a rapid technique 
to satisfy almost any display requirement, WITHOUT loading the host 
processor on the STD BUS. Refer to the BWS-1100 Command Basic users 
manual for more detail on ByteWyde Systems Enhanced Command Basic 
package. 


In essence, Command Basic on the video card creates a true co- 
processing environment. The host STD BUS processor no longer has to 
send a string of ASCII characters to create a display picture. Rather, 
the data which is used to assemble a display picture can be sent to 
the video card and the conversion of this data to a displayed set of 
ASCII characters is done within the video card. Multiple displays can 
be created using a separate video card for each display, and the host 
processor need only send limited information to each video card to 
update particular displays. Additionally, a number of picture formats 
can be retained within a video card, and selected for display without 
the host processor being aware of the process. This technique of 
programming is particularly powerful when semi-graphic characters must 
be created at run-time to satisfy a particular display requirement. 
Refer to Sections 5.2 and 5.3 for more details of this use of the 
video card. 
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3.3.1. Link Selection Summary 


There are a number link headers on the BWS-2010 and BWS-2011 
Intelligent Video Cards. The location of the link headers are shown on 
the Component Layout Diagrams in Appendix C. The link selectable 
options available are illustrated in Figure 3-8. 


3.3.2. TTL Video Output : BWS5-2010 


The BWS-2010 Intelligent Vidéo Card may be easily modified for 
TTL video output with separate sync pulses. The modification 
involves minor component re-arrangement to achieve TTL video 
cutput, and some additional components inserted if -ve logic 
separate sync pulses are required. 


TTL video output on pin 4 of connector J2 is achieved by the following 
component re-arrangement: 


Remove variable trim pot RV2 (2k2) 

Short circuit Diode D4 

Replace Resistor RS (470 chm) with 4k7, 1/4 watt 

Cut pcb track link Pi (removes sync from video signal) 


Trim pot resistor RV1 can be used to adjust the lower brightness 
levels as with composite video cutput. However, brightness levels for 
TTL monitors are often not as even as with composite video monitors, 
because of non-linear input circuitry, and the brightness contrel 
resistors (R1,R2,R3) may sometimes need adjustment for TTL levels. 
Also, some monochrome TTL monitors just cannot support variable 
intensities, and in these cases only a single intensity display can be 
achieved. 


Negative logic sync pulses require the addition of one PN2222 
transistor, one 4k7 and one 2k2 resistor, per sync pulse to be 
inverted. These components are installed under where trim pot RVZ was 
installed, as shown in Figure 3-9. Two Z pcb track links per sync 
pulse to be inverted must also be cut, as shown. 


5) 


.3.3. Analogue Colour Output : BWS-2011 


Section not available at time of printing 
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Connect Card Interrupt 
line toa INTRGQ om STD BUS 


Define bit 1 of interrupt 
vector byte. 


STD BUS I/O Port Address 
selection 

Link Inserted means bit low 
Default I/O address is GBOh 
With IOEXP low 


Select CPU RAM Memory 
Default is 2 kbyte 


Select CPU EPROM Memory 
Default is 8 kbyte 


Spare PIO Bit 
Used for EEPROM if fitted 


Spare PIO Bit 
Used for EEPROM if fitted 


Select PCG Memory 
Default is 2 kbyte 


Select Keyboard Strobe Edge 


Select Video and Attribute 
RAM Memary 


Enable NMI from vert syne 
(for BWS-1158 Basic) 


Reverse logic for horz sync 
pulse : BWS-2011 only 


veverse logic for vert syne 
pulse : BWS-2011 only 


Fig. 3-8: Link Selectable Options 
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Fig. 3-9: TTL Video Output - Modifications to Invert Sync Pulse 
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KEPROM 


section not complete at time of printing. 


7 +, lime 
—. ae Rey 


BWO-2O01U/BWS-2011 Intelligent Video Card 


4. TECHNICAL DESCRIPTION 


Sty, VeErVviey 


The BWS-2010 Intelligent Video Display Card provides all the necessary 
circuitry to produce a stable flicker free display on a monchrome 
monitor. The BWS-2011 Intelligent Colour Video Display Card produces a 
Similar quality display in colour. 


The card has two major sections, one generating the video display from 
stored ASCII characters, and the other processing information received 
from the STD BUS to provide termulation emulation and store characters 
for display. 


The videc section of the card comprises a Motorola 6845 CRTC chip, 
Video RAM, video attributes RAM, programmable character generator RAM 
and interfacing latches, shift registers and video logic. All video 
Slgnals on the card are generated by the CRTC allowing flexible 
display generation and variations to the displayed picture size either 
by reprogramming the CRTC, adjusting the master clock crystal or both. 


The processing section of the card comprises a Z80A microprocessor, 
associated EPROM and RAM, Z8@0A PIO and STD BUS interface logic. The 
processor provides the intelligence to emulate any desired terminal, 
ilanagee graphics using semi-graphic characters and manage the type- 
ahead buffers for card input/output to the STD BUS. 


= 


The overall structure of the card is shown in Figure 4.1 
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Epes ce ak Video Section 
The video section comprises tne 6845 CRTC controlle video RAM, 


Attribute RAM, PCG RAM, and varicus buffers, ee ane shift 
registers, as shown in Fig 4-1. Its operation is as follows: 


The main video clock signal is CCLE, which is generated from the 
nominally 13.5 MHz master clock through the clock PAL (BWS5-2010C). The 
6845 uses CCLK to generate the horizontal and vertical sync pulses, 
and the character address and row addresses. 


The character céll addresses (row and column) pass through a set of 
74L5157 multiplexers to the video and attributes RAM's. 13 address 


2 — 
bits are supported, allowing up te & kbyte of video and attribute RAM 
to be accessed. This is equal to about 4 video pages. 


& bit data cutputs from these RAM's are latched (to allow the Z80 to 
have access toa the RAM'’s on the opposite clock cycle}, and the video 
RAM cutput ee esses through another set of 74L&S157 multiplexers toa 
provide address bits for the Programmable Character Generator (PCG) 
RAM. Law oe row bits from the 6845 camplete the PCG address bits. 
Up to 16 kbyte of PCG RAM can be installed, as either RAM cor EPROM. 


Data output from the PCG RAM (the actual video bits) is latched into a 
shift register, and is then shifted into the video stream to make the 
next character row. Attribute bits are used to contral the video bit 
stream within the video cutput PAL(s) as discussed below. Note that 
the attribute bits are one character ahead of the video data, and 
allowance must be made for this in the software which stores th 
attribute and video data in the video RAM’s 


o 


BWS-2010 Monochrome Video Generation 
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Monochrome video generation is done with a single PAL and a simple 3 
Stage resistive/dicde OR arrangement. The video PAL (BW5S-Z010V) 
decodes the character attribute signals into 3 intensity bits, which 
are converted by pull-up resistors and diodes into the final intensity 
modulated video signal. Blanking and cursor signals from the 6845 are 
delayed 2 character widths (to match up with the correct character) 


and are added in using open collector exclusive-ORK gates. Evne Signals 
are included by using additional dicd==s with resistive thresholding, 
and the final composite video output i= Gurrered by an emitter 

tS Pe Ce ~$ 

ad Li 


follower transistor with an output impedanie of ; a. earact 
flash is generated by a LM555 timer whose cutput is added in through 
the video PAL. 


meee sync Slenals are cutput directiy from the 6545 CkTC 
controller. For negative logic syne $3 
tra areas invertor can be added tea th 
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BWS-2011 Colcur Video Generator 

Colour video generation is done with two video PALS (BWS-2C11V and 
BWS-2011R) and 74L5189 high speed bipolar RAMS. The PAL's decode the 
video attribute bits for each character into color RAM addresses, and 
the output of the colour RAMS become the video cutput from the card. 
The colour RAMS may be written to from the onboard 2&0 processor, and 
hence act as a colour palette. (The colour palette RAMS can only be 
Written into during the vertical sync pulse, to redefine a 
colour/attribute bit relationship from the available palette 
Selection.) 


Fach colour RAM provides 4 bits of video cutput data. For TTL VDBU's 
only one colour RAM is required, to generate RGB and intensity bit 
Streams. For analogue VDU's, three colour RAM's are used with the 
cutput of each RAM going to a high speed DAC to generate the final 
Video cutput. 


NOTE: The colour and monochrome videc PALS are not interchangeable! 


4.2.2. Processing Section 


The processing section comprises clock generation, the Z80 
Microprocessor, the PIO, internal RAM and EPROM and the parallel 
kevboard interface. 


Clock generation is done using a PAL ‘(BWS- 20110) driven frem the 
ster crystal on the card (nominally 13.5 MHz}. The clock PAL 
nérates CCLE for the 6845 CRTC, ZCLE for the. ZGOA processor, and 

some of the I/O enabling signals. 


The oncard processor is a Z80A microprocessor chip running at 3.38 Mhz 
when the standard 13.5 MHz crystal is used. The 2780 has ite own 
Program memory comprising up to 16 kbyte of EPROM and up te 16 kbyte 
of RAM. ONLY THIS MEMORY CAN BE USED TO STORE 2&9 PROGRAM, since the 
memory interleave cycle between the 6845 and the Z80 does not allow an 


oa ee 


opcode fetch to take place from video or P&G RAM. 
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y address decoding is done by a use link PROM. which 
ates varicus RAM enables as required. The memory map for the card 
iown in Appendix A. 


a 


I/O addresses are only partially decoded, using dedicated I-09 address 
lines to enable I/0 devices. 1/0 device assignments tre shown in Appendix 


A. No other I/O devices can be supported on tne cara. because of the 
partial I/O address decoding. 


The PIO supports the STD BUS interface, providing a ti-direcztional & 
bit parallel interface between the bus and the 220 processcr. Spare 
PIO bits ar@ used to program and read the EFPROM. blank the display 
and control the parallel keyboard interface. The Pic sperates with 
port A in mode 2 and port B in mode 3 with interrupts maskei off. 
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The parallel keyboard interface is provided using a 74L5374 octal 
latch, loaded from the incoming keyboard signal. A link‘selectable 
transistor invertor is provided to allow the keyboard strobe to be 
elther positive or negative logic. The keyboard strobe also sets a KS 
flip flop which read by the processor through the PIO. The flip flop 
is cleared when the main keyboard latch is read. The keyboard 
circuitry uses a RC differentiator to detect the leading edge of the 
keyboard strobe, and requires the keyboard to have valid data on the 
input at the start of the strobe signal. 


4.2.3. STD BUS Interface 


The video card occupies 4 I/O ports on the STD BUS out of 512 
available I/O port addresses (8 bit decode plus IOEXP). The I/O 
address decoding is done with a 25LS2S21 8 bit comparator, and can be 
mapped to any 4 bit boundary by adjusting links on the card. 


Parallel data interchange to the STD BUS is through the PIO, operating 
in bi-directional mode 2 through port A. The status bits of the PIO 
are buffered on the STD BUS at bus address BASE+1 to provide status 
bits to the host processor on the bus. 


Bus interface control is done with Z PALS (BW5S-2010B and BWS-2010B) 
which manage the parallel transfer of bytes between the bus and the 
card, and support interrupts. Registers in PAL BW5-Z2010I are used to 
latch the interrupt enable signals, and these signals are buffered 
back onto the bus at bus address BASE+1 to provide interrupt enable 
status bits. 


The bus interface provides full vectored interrupt capability fer data 
flowing to and from the video card. Interrupts may be generated when 
the card is ready to receive data, or has data to pass onto the hast 
processor. Interrupt pricritisation is achieved using the PCI and PCco 
bus priority signals in the standard way. The interrupt pricrity 
Slenals are managed by the BWS-2010B PAL, which introduces 
approximately 25 ns delay in propagation. Standard Z80 timing allows 
for approximately 300 ns delay in total propagation delay of 

the interrupt pricrity signals, which means that at least 10 BWS-2010 
video cards may be reliably used in a single STD BUS card frame. all 
operating in priority interrupt mode. 


During an interrupt acknowledge cycle, the BWS-2010B8 FAL 


Fates an interrupt vector from a “7SL5274 latch onto the bus. The 
vector can be a single byte instruction opcode (280 mode G:. or it can 
be a 7 bit interrupt vector (Z80 mode 2, LSB = 0). In the Latter case, 
bit 1 of the vector is defined by the interrupt PAL depending on 

ates 


| ot 


whether it was a recéive or transmit interrupt. This zZenera 
separate interrupt vectors for information flowing in either directicn 
(Similar to a 280 DART). 
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~NOTE: In most applications it is unnecessary to use the BWS-2010 video 
card in interrupt mode. For bytes sent to the card, the on-card 
handling of data clears the interface in approximately 39 
microseconds (until the communications buffer is full). This 
corresponds to no more than 30 Z80 instruction executions, and 
most host application programs require more code than this te 
collect the next byte to output to the video card. Hence a 
Simple check status and wait loop is sufficient in most 
circumstances. 


For bytes sent from the card (e.g. keyboard characters), these 
are buffered on card, and it is often acceptable toa simply poll 
for more characters when convenient. Of course, interrupts must 
be used when a "break" type of data input is required. 


4.2.4. Z80/CRTC Memory Interleave Timing 


One of the main reasons for the extremely high rate of display that 
can be achieved with the BWS5-27010 video card is the way in which the 
Z8Q processor has access to the video memory. This is achieved by 
organising the Z80A and the 6845 CRTC to have access to video memory 
on opposite clock phases. Consequently, the Z80 can read and write to 
the video, attributes and programmable character generator memory at 
full processing speed, without waiting for horizontal or vertical sync 
blanking periods and without causing ANY flicker on the VDU screen. 


Access to video memory is controlled by the BWS-2010C PAL. Signals 
ZCLK and CCLEK are carefully synchronised as shown in Fig 4-2. The Z80 
has access to video memory when CCLK is low and the CRTC has access to 
video memory when CCLK is high. Z2CLK is arranged for the Z80 memory 
read and write strobe Gdge to occur when CCLE is low. Video data is 
extracted from vidéo memory when CCLEK is high, and is latched by the 
LOAD* pulse at the end of the high pericd of CCLK for subsequent 
character and video generation. 


When the Z80 processor requires access to memory, it generates a 
ZMEMRQ* signal. If this access is to video memory (bit 15 high}, the 
clock PAL generates a ZWAIT* signal until the next time that CCLK is 
low. The Z80 processor then completes its memory access. The maximun 
delay that can occur is one half cycle of CCLE, which is 306 neg. 
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4.3. Internal Software Structure 


eee ew eee oe ove ee me meee es ere ee ee ee ee en ee ae i oe ee mee 


Software for the BWS-2010/BWS-2011 video cards is designed in a highly 
modular fashion for maximum performance, reliability and flexibility. 
The safttware is written in three major sections, as follows. 


The first software level is the terminal emulation, which is always 
supplied with the card. Both the on-board monitor (BW5-1008) and an- 
board Command Basic (BW5-1158) access the video memory, STD BUS 
interface and keyboard through the terminal emulation software. 


The néxt software level is the aptional Z80 monitor, which provides 
oncard assistance for debugging user written programs. The monitor 
interfaces to the terminal emulation software through a specially 
written BIOs. 


The third software level is the optional Enhanced Command Basic, which 
uses some modules from the BWS5-1008 Z80 monitor, and also accesses the 
terminal emulation through a specially written BIOS. 


Gon Beck Terminal Emulation 


The main loop of the terminal emulation software provides basic 
character handling, comprising checking the incoming characters 
against a set of Command Sequences, and placing: the character into 
Video memory if no sequence is detected. Control is passed to special 
Subroutines through an indexed lockup table if a Command Sequence is 
found. 


The STD BUS interface 18 managed by an interrupt service routine, 
which simply saves incoming bytes in a FIFO buffer. The main loop 
program then extracts these bytes at its leisure. 


Keyboard handling is currently managed by a poll sequence within the 
Main loop program. Characters entered from the keyboard are saved in 
an outgoing FIFO buffer, and are sent to the STD BUS interface by an 


interrupt service routine when requested by the receiving host computer. 


Certain useful terminal emulation subroutines are also accessibie 
directly through a jump table located at address 100h. These jump 


table entry points are listed in Figure 4-3 below. 


All maior data tables are moved toa RAM when the card is initialised. 
This allows these tables to be modified and the card to be warm boote: 
to & MGW State if desired by the user. For example, the 6345 can be 
reprogrammed by chanzing the cus parameters in RAM and jumping 
through location 103h. Section 4.3.4 describes the placement of the 
command tatles and and other pacers ns of the terminal emulation 
saftware in EPROM and RAM memory. 


alls of the terminal emulation software are 
lLlable on application to ByteWyde Systems. 
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Address (hex) Label Subroutine Function 
0100 .vcold Cold start - move EPROM tables to RAM 
0103 .Vvwarm Warm start - use existing tables in RAM 
v1l06 .vmain | Jump to emulation main loop 
o109 .veinit Initialise 6345 CRTC only - use RAM data 
Giae .vioinit Initialise I/0 ports (PIO and ali; 
O1LOF .vvduinit Initialise VDU pointers, attributes, etc 
O112 .vvdu Process byte in acc A through VDU driver 
Q115 .vkeyst Check keyboard status 
0118 .vEeyin Get character from keyboard. 
QO118B .vcinst Check PIO status for character input 
O11E .vein Get character from PIO 
0121 .veost Check PIO status for character output 
O1e4 voout Send character ta PIO 


Fig. 4-3: Terminal Emulation Jump Table 
4.3.2. Oncard Z80 Moanitor (BWS-1008) 


The oncard monitor is a modified version of ByteWyde Systems standard 
BWS5-1000 Z80Q monitor program. The moanitor is intended to provide a 
support environment for the development of special oncard software, or 
to allow users to investigate the detail operation of the card. awe 
additional functions have been included, being a "Send to screen” 
function (an effective LOCAL function), and an "Absolute terminal” 
function, which jumpe ta the terminal software described in Section 
4.3.1 above. The BWS-1008 monitor does not support hardware address 
match interrupts or multiple loop program breakpoints. 


The monitor software is completely separate from the terminal 
emulation software, and interfaces through a specially written BIOS 
module. The VDU/Keyboard are used as the "console” device, and the STO 
BUS interface is the "remote" device. 


Further details on the monitor program are available in the BWS-1000 
standard manual, which may be purchased separately on request. 


4.3.3. Oncard Enhanced Command Bas 
The BWS-115¢6 is a completely standard implementation of ByteWyde 


Systems "Enhanced Command Basic" currently being sold as BWS BASIC by 
Pro-Loe under license from ByteWyde Systems. (The version supplied in 


the video card is the latest revision which has some additional 
features over the Pro-Log release). 

The implementation uses a Epecial BIOS module to interface ta the 
terminal emulation software (similar to the Z@0 monitor software). The 
VDU/Keyboard are eed as the "console" device, and the STD BUS 
interface is the “remote " device. Basic uses the vertical sync pulse 


as the basic timing interval. This is acceptable for multitasking, but 
Means that tne long term time-of-day-clock stability is not good. 


: 


Further detaiis are available in the BWS-1150 manual, which may be 
: : i: 
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4.3.4. Software Memory Map 


CPU EPROM - QOQQQ = ,----------------------------- 
; Hardware Jump Vectors ; 
GO80 |-----------------------------+ 
; £60 Monitor Jump Table ' (BWS-1008 only) 
OGCG | ----------------------------- 
' Extended Jump Table ‘ (BWS5-1158 only) 
Q1GQ ,----------------------------- ; 
ilerminal Emulation Jump Table, 
Terminal Emulation 
; Software Modules ; 
Q800 (----------------------------- ; 
BWS-1008 280 Monitor : (€BW5-1008 only) 
Seftware Modules | 
OBOQ ji-----------~----~------------ ae | 
, Command Basic Jump Table i (BWS5-1158 only) 
Command Basic ; 
I Software Modules 
1800 |, ----------------------------- 
; Character Set (Default) ; 
Z200Q |----------------------------- ; 
i; Character Set (BWS-1158) i (BWS-1158 only) 
300Q {[----------------------------- ; 
Autostart Program for ; 
; Command Basic (BWS-1158)  ; 
/ / 
CPU RAM 4000 (|----------------------------- ; 
i DATA BUFFER FROM STD BUS 
4100 (|----------------------------- ; 
; DATA BUFFER TO STD BUS 
4A20Q | ----------------------------- 
VDU DRIVER SCRATCH RAM } 
4210 (|----------------------------- ' 
, £80 Mode 2 vector Table ; 
4218 (----------------------------- I 
‘Current 6845 Setup Constants |; 
4228 |----------------------------- ; 
ivsyne per sec (for BWS-1158) | 
4229 (--------------------------~-- ; 
' Current PIO Setup Constants | 
4935  [-------------~---------------- 
Current Colsur KAM Setup (BWS-2011 only) 
42/0 | ------------- - - -- - - - -  - ; 
| Términal Emulation Tables | 
4300  (----------------------------- ; 
; BWS-1008 Scratch RAM ; 
4480 | ---- 7-7 o ne ee ene i 
, BWo-1158 Scratch RAM ,; 
4800  |----------------------------- 
BWE-115e6 Program Buffer ; 
/ 
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5. APPLICATION NOTES 


Not available at time of printing 


9.2. User Programming 
Not available at time of printing 
s.3. Co-processing using BWS-1100 Video Cards 


Not available at time of printing 
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6. MAINTENANCE 


6.1. Warranty 


The BWS-2010 Intelligent Video Card and the BWS-2011 Intelligent 
Colour Video Card are guaranteed against all electrical and mechanical 
defects found to be due to faulty workmanship or components within the 
first 90 days after delivery. Faulty cards will be repaired without 
charge within this period if the card is returned to ByteWyde Systems, 
or to the dealer from whom the card was purchased. This warranty does 
not include the cost of packing and postage of the faulty card to and 
from the repair location. 


This warranty is expressly declared void if a card is found to be 
damaged due to improper use or mishandling. In particular, mechanical 
damage due to careless handling, or electrical damage due to 
overvoltages ar misconnections being applied to the video and keyboard 
connectors, void the above warranty. 


This warranty extends only to the repair or making good of BW5-2010 
and BWS-2011 video cards purchased from ByteWyde Systems or any 
authorised dealer. NO CLAIMS FOR CONSEQUENTIAL DAMAGES OF ANY KIND 
WILL BE CONSIDERED. The warranty expressed in this manual expressly 
excludes any damages or losses of any kind (including loss of income) 
that may be claimed to have arisen as a consequence of a failure of 
the product. 


After the warranty period has expired, ByteWyde Systems offer a 
maintenance service on a cost plus basis. Where possible, hardware 
which cannot be directly repaired within 48 hours after receipt by 
ByteWyde Systems will be repaired on an exchange basis. 
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A. On-Card Memory and I/O Map 


me ee ST A we —= am ae 


Vid 
Vid 
Chara 


Progra 


Chara 


ee ee 


t 

; CPU 
; Mem 
t 


; CPU 
; Mem 


/// Not Available | 
~--------- FRFF hex joo toto --------- 
2a i Keyboard Latch 
butes olestetateaieniatiedentadetatedetedetettes 
------~--- ; EbOOO hex ; Cursor Colours 
eo ; alalaieteteietetatatetatatetetatabaten 
cters ; ;Background Colours 
~--------- ; Coocd hex [otc corr oe | 

; (Foreground Colours 
mmable ; [ooo ooo ------ 
cter ; 

t jf Not Available 
----~----- ; 8000 hex 

i leieietetntrtetnietetntenehaeenta 
RAM Z80A PIO 
ory inosleieietetentustehatedetetatatetaetete 
—--------- ; 4000 hex ‘// Nat Available 
EPROM coteateieateeiaiaiatetateteaeteaeteten 
ory i 6845 CRTC 
---------- O000 hex 


/// Not Available / 


Fig. A-1: BWS-2010 Memory and I/O Address Map 
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Foreground Colours (data byte 

Background Colours (data byte 

Cursor Colours (data byte 
BO ‘IG Data Port A 


81 PIO Control Port A 
a PIO Data Port B 
83 PTO Cantrol Port B 


40 CRTC Address Register 
CRTC Data Register 


A-2: On-Card I/0 Port Allocation 
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Fig. A-3: PIO Port B Bit Usage 
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B.1. I/O Port Map 


STD BUS 1/0 Address If/S Port Function R/W or R/O 
BASE Data Port R/W 
BASE+1 Control/Status Port R/W 
BASE+2 Interrupt Vector Port R/W 


B.2. Port Bit Usage Summary 


—o ee ee —~— = — ame oe EB woe — ome eee we ee ee 


Control/Status Port Bit Usage Summary 
[= el = ee ee Foe fo 
7 6 5 4 ez a 1 0 


RxR = data byte ready to send to STD BUS (high = ready) 

TxR = ready to receive data byte from STD BUS (high = ready) 
RxE = Interrupts enabled for RxR (high = enabled) 

TxE = Interrupts enabled for TxR {high = enabled) 

Busy = Video Card Busy (high = busy) 


Interrupt Vector Port Bit Usage Summary 
7 6 = 4 S z 1 0 


h = bit set by host via write to vector port 
i = bit set by host port write or by interrupting device 
depending on link W2. 
Set to O for TxR interrupt )} If W2 linked as 
Set to 1 for RxR interrupt } Refer to Section 3. 
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Fig. C-1: 
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Fig. C-2: BWS-2011 Video Card 
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control * Cursor home | 

control G Ring keyboard bell 

control H Cursor left one character 

cantroal J Cursor down one line 

control K Cursor up one line 

COnLYOL. Cursor right one character 

control. M Cursor te (stare. OF tine 

control 2 Clear screen 
ESC (1) Select brightness 0 ESC? 40) Select foreground. colour 
ea a Select brightness 1 Boo ie 4 select foreground colour 
ESC: 3) Select brightness 2 Bo AS) select foreground colour 
ESC (4) Select brightness 3 ESC (43 select foreground ccalour 
BSC. 45) Select brightness 4 ESC. (53) Select foreground colour 
Bac: Co} select brightness 5 sc 46) select foreground colour 
ESC 47) Select brightness 6 foe 7) Select foreground colour 
ESC (8) select brightness 7 SC (8) Select foreground colour 
BSC = Dim video on Bou, 430 Select background colour 
Fac Normal brightness PSC A; select Background colour 
Se) Brignt video on Su 1B Select backgsround colour 
ESC Underline off Ses Vey Select background colour 
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ESC Flashing video on Esc Db Cursor Left 
Bist <3 Plashing video off So = ¥ 4 Direct cursor addressing 
BEC mm Cursor OFF Bao a Cursor Home 
Loc. 2 Display ON | Sen ea cursor Up 
Ese $ Display OFF | oes Cursor Down 
ESC eursor ON Hee Cursor Rizeht 

SC of Frate toe end of line 

ESE * Ciear to end af screen 

ESC v Clear Screen 

ESC Uf Insert line 

PS R Delete line 

ESC 0 Sela =k Character ser. oO 

BSc: 2 Select Character ser 7 

Op eae Select character set 2 

poo. So select character set 3 

Bot. Hex load 
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